Spinal cord injuries are relatively common, but strategies to repair damaged sites remain elusive. To develop more effective treatments we need to understand the molecular mechanisms that produce functional spinal circuits. In addition, to fully understand the genetic basis of CNS functions and disorders we need to be able to connect individual genes with specific circuit properties and behaviors. This is a difficult task unless we understand how specific genes regulate the development of neuronal circuitry and hence enable particular behavioral repertoires. A particularly tractable model system for this research is zebrafish spinal circuitry.
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Specification of distinct neurons with particular functional properties is a crucial step in circuit formation. Interneurons constitute most of the neurons in the CNS and function in almost all neuronal circuits. However, there are significant gaps in our knowledge of how spinal interneurons with specific functions develop. All of the evidence so far, suggests that interneuron properties are determined by transcription factors (TFs) that these cells express as they start to differentiate. However, in many cases, it is still unclear which TFs specify particular properties.
To address these critical gaps in knowledge we have expressionprofiled different zebrafish spinal interneurons and identified TFs that are strong candidates for specifying particular interneuron properties. We are currently concentrating on TFs that specify neurotransmitter properties. For example, we have shown that Pax2 and Pax8 are required for inhibitory fates of many spinal neurons and Evx1, Evx2 and Lmx1b are required for excitatory fates of V0v neurons. We have also identified several transcription factors that may be part of a common genetic pathway for specifying excitatory fates of spinal neurons, acting downstream of Evx1/2 in V0v neurons and downstream of other cell-type specific TFs in different excitatory neurons. The enteric neural crest cells (ENCCs) are derived from migratory vagal neural crest cells (NCCs). Sox10 is a transcription factor essential for maintaining the multipotency of ENCCs. Sox10 mutant ENCCs fail to colonize the entire gut due to premature differentiation and migration defects. We have generated a Sox10NGFP mouse mutant in which EGFP is fused to the N-terminal domain of Sox10. Sox10NGFP/+ mutant ENCCs formed cellular aggregates on different extracellular matrices in ex vivo gut explant culture. We hypothesized that cell adhesion properties were affected in Sox10 mutant neural crest cells. To gain insight into the regulation of cell adhesion and molecular pathways underlying in ENCCs, we performed transcriptome and gene expression analyses to study the cellular phenotypes. Gene expression profiles of E9.5 pre-ENCCs and E12.5 ENCCs from Wnt1-Cre:Z/EG, Sox10NGFP mutant embryos were generated by sorting out GFP+ cells and performing RNA sequencing. Bioinformatics analysis indicated that among the differentially expressed genes, the expression of biological adhesion and locomotion genes were significantly affected during ENCC development. Selected differentially expressed genes were further analysed by qRT-PCR and immunostaining on gut explant culture. We found that the expression of cadherins, vinculin and FAK were affected in Sox10 mutant ENCCs. To further investigate the cellular phenotype of the mutant ENCCs, we assessed the real-time actin filament dynamics and intensity using the Wnt1-Cre:Z/EG:Lifeact-mRFP and Sox10NGFP: Lifeact-mRFP mice, which had the ENCCs labelled by EGFP and F-actin by RFP in live cell imaging experiments. Our results suggest that Sox10 mutation alters the expression of cell adhesion molecules and ECM reporters, thereby may affect ENCCs cellular behavior and migration. 
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Neurons electrically wire the nervous system through meter-long protrusions called axons, which can last for decades in humans. For this, axons actively maintain parallel bundles of microtubules (MT) constituting their structural backbones and transport tracks. In cultured Drosophila neurons, the loss of MT motor proteins kinesin-1 reduces axon growth and induces MT bundle disorganisation, reminiscent of axon swellings observed in kinesin-1-linked spastic paraplegias. To dissect underlying pathomechanisms, we study contribution of three molecular subfunctions of kinesin-1 (vesicle/ organelle transport, mitochondrial dynamics and MT sliding), by analysing kinesin-1 mutations or interaction partners (KLC, Milton, Miro, Pav) specific to these subfunctions. Surprisingly, depletion of any of these leads to MT disorganisation. By extending studies to include relevant subcellular readouts (mitochondria, synapses, and ER), we aim to compare and contrast different phenotypes within one standardised neuron system. This systematic approach offers the oppportunity to unravel the specific contribution of kinesin-1 subfunctions towards MT bundle maintenance. The Hospital for Sick Children, Toronto, Canada
Iroquois (Irx) genes encode evolutionary conserved homeodomain transcription factors that are involved in multiple developing processes. Irx3 and Irx5 are linked in the IrxB cluster from fly to mammal. Both Irx3 and Irx5 are expressed in the developing central nervous system, limb bud and otocyst, but their functions in inner ear development are poorly studied. To understand the roles of Irx3 and Irx5, two allelic mouse mutants, Irx3LacZ/+ and Irx5EGFP/+ were used to examine the expression pattern of these two genes, respectively. Both Irx3 and Irx5 were expressed in the otic placode from E8.5. In E9.5-E10.5 otic vesicle, the Irx genes shared a broad expression domain in the non-sensory epithelium and periotic mesenchyme. From E12.5 to E16.5, Irx3 was expressed in both sensory and non-sensory domains in the cochlear epithelium, while Irx5 became gradually restricted to non-sensory regions, accompanying with the progression of hair cell differentiation. To further understand the functions of Irx3 and Irx5 during inner ear development, phenotype analyses have been done in the Irx3LacZ/LacZ, Abstracts S120
